Ovarian serous tumour is the most common ovarian epithelial tumour, and about one-third are malignant adenocarcinomas. Surgery, chemotherapy, radiation, endocrine management, or combinations of these modalities are the most common therapeutic options for patients with ovarian serous adenocarcinomas. For excisable tumours, surgery offers the best prognosis. Epidural anaesthesia and analgesia may be beneficial compared with general anaesthesia (GA) and i.v. opioids as it may provide better postoperative pain relief and reduced incidence of side-effects and decrease the relative risk of postoperative mortality. 1 However, surgery, anaesthesia, and analgesia induce a perioperative inhibition of immune function. 2 Virtually, all general anaesthetics affect immune responses by depressing bone marrow activity, altering phagocytosis by macrophages and inducing immunosuppression. Animal studies have shown that regional anaesthesia can prevent or attenuate the surgical stress response. 3 Epidural analgesia also reduces the need for opioids, which are known to impair immunity. Several recent clinical studies have observed that different anaesthetic techniques have effects on tumour recurrence. 4 -6 However, the effect of anaesthetic technique on ovarian serous adenocarcinoma outcome has not been evaluated in a clinical setting.
In a retrospective analysis of medical records, we aimed to compare the survival time in patients who had ovarian serous adenocarcinoma surgery with either epidural anaesthesia and analgesia or GA combined with postoperative i.v. fentanyl analgesia.
Methods
This study was approved by the ethics committee of the Sun Yat-sen University Cancer Center (Guangzhou, PR China). The medical records of all patients who underwent ovarian serous adenocarcinoma surgery at the centre, between January 1994 and October 2006, were reviewed. Only the records from newly diagnosed patients were included. Patients who underwent surgery more than once were excluded.
The patients were allocated into two groups. Group E included patients who underwent surgery with epidural anaesthesia and analgesia, and Group G included patients who had GA combined with postoperative i.v. fentanyl analgesia. All patients studied were under the care of the same anaesthetist and surgeon. Although epidural anaesthesia and analgesia was our usual technique, GA was also used for a variety of reasons, including the presence of absolute or relative contraindications, or preference of the anaesthetist, surgeon, or patient.
Group E received midazolam 0.04 mg kg 21 for sedation.
The epidural was inserted before operation at T11-T12 or L2-L3, and an initial dose of local anaesthetic (lidocaine 1.5-2.0%) was given before surgical incision. Local anaesthetic (bupivacaine 0.125% or ropivacaine 0.150%) and morphine 6-8 mg were then continued as an infusion for 48 h after surgery. Univariate association between overall survival and anaesthetic technique was assessed with the Kaplan-Meier survival estimates; the groups were compared using the log-rank test. In addition, univariate association between overall survival and all potential baseline confounders was assessed using the Cox proportional hazards regression.
For the primary analysis, we compared the survival rate using multivariable Cox's proportional hazards regression while adjusting for any baseline or intraoperative factors independently related with the outcome. Variables considered included ASA status, tumour size, length of surgery, estimated blood loss, transfusion, FIGO stage, histological grade, lymph node status, preoperative CA125 status, residual macroscopic tumour, and chemotherapy received. We used stepwise regression and a liberal significance criterion of P,0.30 to be confident of having adjusted for any potential confounding of the relation between anaesthetic and survival time among the available baseline factors and to obtain a more precise estimate of hazard ratio (HR) for anaesthetic treatment.
The proportional hazards assumption of the Cox regression model was assessed graphically by plotting the log[-log (survival)] against log(time). The predictive value of the multivariable model with the c-index was assessed. This summary measure gives the proportion of all usable pairs in which predicted and actual survival times are concordant, such that a patient with a longer survival time than another is also predicted as such by the model. However, the c-index is a less informative measure of predictive ability when a significant proportion of the data are censored. The linearity of the relation between continuous and ordinal variables and recurrence was assessed graphically. We also used propensity score matching to assess the robustness of our primary analysis results between the type of anaesthesia-analgesia and survival rate. The significance level for all hypotheses was 0.05. A Bonferroni correction to the significance criterion for multiple comparisons was applied where appropriate. SPSS (Chicago, IL, USA) software version 16.0 was used for all analyses.
Results
The medical records of 143 patients who underwent ovarian serous adenocarcinoma surgery between January 1994 and October 2006, and who matched the inclusion criteria, were reviewed ( Fig. 1) Table 2 . Without adjusting for potential confounders (i.e. univariably), Group G had a significantly higher estimated risk of death compared with Group E, with an HR of 1.818 [95% confidence interval (CI), 1.048 -3.153]. The duration of surgery, preoperative CA125 status, FIGO stage, histological grade, residual macroscopic tumour, and lymphatic metastasis were also significantly associated with the overall survival rate in univariable analysis. The Kaplan -Meier survival rate estimates and 95% CIs at landmark follow-up times showed that Group E seemed to have a higher overall survival rate than Group G. The 1-, 3-, and 5-yr overall survival rates were 96% (95% CI, 92 -99%), 78% (95% CI, 70 -86%), and 61% (95% CI, 52-71%) in Group E, whereas 78% (95% CI, 64-91%), 58% (95% CI, 42-74%), and 49% (95% CI, 32 -65%) in Group G, respectively (Table 3 and Fig. 2) .
After adjusting for preoperative CA125 status, FIGO stage, histological grade, residual macroscopic tumour, and lymphatic metastasis, Group G had an estimated 21.4% (95% CI, 7.5-43.1%) increased mortality rate compared with Group E, with a corresponding HR of 1.214 (95% CI, 1.075-1.431, P¼0.043) in our multivariable Cox regression model ( Table 4) .
As a sensitivity analysis to explore the potential for bias due to censoring, the association between the anaesthetic group and overall survival rate was assessed using only the first 5 yr of data for each patient. Univariable and multivariable associations were similar to the full-data results, with P¼0.034 and 0.045, respectively.
Propensity score matching was used to assess the association between the type of anaesthesia -analgesia and survival rate. Propensity scores were created for all 135 patients who had non-missing data for all baseline and intraoperative potential confounding variables (Table 5) . Before matching, patients in Group E and Group G differed significantly on the propensity score, with smaller differences in other variables. Twenty-nine matched pairs were obtained (n¼58 patients); matching was successful in improving the balance between groups (Table 5) . We then assessed the association between 
Discussion
We have evaluated survival rate in patients undergoing ovarian serous adenocarcinoma surgery. The 3-and 5-yr overall survival rates were 78% and 61% in Group E, and 58% and 49% in Group G, respectively. After adjusting for tumour size, FIGO stage, histological grade, lymph node status, preoperative CA125 status, residual macroscopic tumour, and chemotherapy, Group G has a corresponding HR of 1.214 (P¼0.043) in a multivariable Cox regression model compared with Group E. These results suggest that patients who underwent surgery for ovarian serous adenocarcinoma with epidural anaesthesia and analgesia had a better clinical outcome than patients who had GA and postoperative i.v. opioid analgesia. These results may be consistent with the theory that there is suppression of immune defence mechanisms during surgery and in the postoperative period. 7 Such immune compromise could affect the postoperative infection rate, healing, and rate and extent of tumour dissemination Table 5 Perioperative variables before and after propensity score matching. Data are reported as mean (range), mean (SD), median (quartiles), or per cent. *All factors in Table 5 except propensity score were used to create the propensity scores. † Propensity score (PS)¼predicted probability patient receives general anesthesia given baseline variable: matching on PS achieved balance on the other variables in the Surgery-induced immunosuppression is also associated with increased risk of tumour development and metastasis. 13 Several clinical studies have shown that the reduction in the immunosuppressive effects of surgery not only plays an important role in preventing tumour development, but also has a beneficial effect on overall survival of cancer patients. 14 -16 Higher numbers of NK cells before surgery have a beneficial effect on overall survival of gastric and colorectal stage III cancer patients, 14 whereas suppression of NK cell activity may contribute to the increased tumour metastases and worse clinical outcome. 13 17 -20 Preservation of immune function has become a strategy to improve outcome. Recent studies suggest that choosing therapeutic agents or methods that produce a sustained increase, or do not decrease, in the immunological function, would result in a better clinical outcome. 21 Postoperative immunosuppression is partly ascribed to the effects of anaesthesia and may compromise patients' resistance to cancer metastasis. 22 23 Both surgical stress and GA suppress immune function, especially NK cell activity. Recent studies have shown that several anaesthetic agents can suppress immune function. 24 -27 An animal study has shown that ketamine, thiopental, and halothane suppressed NK cell activity, and thus promoted metastasis. 24 Volatile anaesthetics can impair NK cell function by as much as 90%. 25 Halothane and isoflurane comparably reduce neutrophil motility, 26 whereas sevoflurane impairs T lymphocyte activity. 27 A significant decrease in NK cell activity after surgery was found in mothers who received GA. 28 GA can induce a reduction in NK cell activity, and this may increase the susceptibility to infection or the risk of tumour dissemination. 29 In our experience, sevoflurane seemed to be a contributory factor, and, in a previous study where sevoflurane was not used, the reduction in NK activity was less marked. 30 This suppression could be attributed, at least in part, to opioids which are known to suppress immune function, particularly NK cell activity. The immune modulatory effects of opioids may depend on the interaction between the dose and time of administration. Morphine has also been shown to decrease the survival of rats inoculated with tumour cells. 31 Morphine, fentanyl, and sufentanil all suppress NK cell activity. 32 High-and low-dose fentanyl anaesthesia has been shown to produce similar suppression of NK cell activity, with a peak effect of 24 h after surgery, but there was a difference in the rate of recovery of NK cell activity. 10 On the second postoperative day, NK cell activity had returned to control values in the low-dose fentanyl patients, but was still significantly suppressed after high-dose fentanyl. 10 On the other hand, regional anaesthesia and analgesia may play an important role in preserving immune function by attenuating or preventing the immunosuppressive effect. The proposed mechanism is that regional anaesthesia moderates the neuroendocrine stress response by blocking afferent neural transmission from reaching the central nervous system to activate the stress response and by blocking descending efferent activation of the sympathetic nervous system. 33 34 An animal study showed that intrathecal local anaesthetic combined with morphine in rats provided significant protection against the tumour-enhancing effects of surgery and resulted in better tumour outcome than a single preoperative systemic dose of morphine. 3 One large retrospective analysis found that GA for excision of primary melanoma was associated with a decrease in the survival rate (relative risk of 1.46) compared with local anaesthesia. 35 On the basis of the mechanisms discussed above, we speculate that at least two factors might account for the results of our study. First, the immunosuppressive effects of GA were not present in Group E. Secondly, the amount of opioids used in Group E was much lower than in Group G, where a dose almost 10 times larger was used. Both of these could lead to a lesser suppression of the NK cell activity, and thus prevent tumour dissemination.
There are several important limitations in this retrospective study. The patients were not randomized, and clinical care was not standardized, so that selection bias and the effects of unmeasured confounding variables cannot be excluded. The sample size of the two groups differed greatly. The results of our study show that Group G has a corresponding HR of 1.214 (95% CI, 1.075-1.431) in a multivariable Cox regression model with a P-value of 0.043 compared with that of Group E.
This study, like most retrospective analyses, identifies testable possibility. Our findings prompt further questions that would be best addressed by a well-conducted prospective randomized-controlled trial comparing the effect of epidural anaesthesia -analgesia on ovarian cancer outcome. For future studies, it is also necessary to evaluate the effect of 
